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Neu the gidi la thong nhdt thi no thong nhat trong mdi quan 
h6 nhan qua va su thong nhat chi cd thi dude bilu hifn trong 
y nghia a'y ma thdi. 

Theo tinh than do, sit ngSu nhien, neu nhu that su co cai gi 
do la ngau nhien, cung chi la san phani cua su ta't yeu. 

Bdi the giofi la thong nhat trong moi quan ht nhan qua, 
khdng mot cai gi cua the giofi nam ngoai moi quan he ay, nen 
ta co thi chia toan bd the gidi thanh hai tap hop: tap hop A 
bao g6m tat ca nhQng gi dude coi la nguyfin nhan, tap hop B 
bao gom tat ca nhttng gi la he qua. 

Chung ta hay loai bo khdi ca hai tap hop tat ca cac plian tit 
gid'ng nhau. Nhu the se co 4 kha nang sau: 

1. Ca hai tap hop A, B diu trd thanh cac tap hop rdng, 
hie la khdng co nguyen nhan thuan tuy cung nhu ht 
qua thuan tuy. Ndi each khac, the" gidi khdng co md 
dau, cung khdng co ket cue cud'i ciing. 

2. A khong rdng, B rdng. Nhu vay ton tai nguyen nhan 
tliuan tuy - the" gioi co bat dau nhung khdng co k&t cue 
cud'i ciing. 

3. A rdng, B khong r6ng. Khong co nguyen nhan thuan 
tuy nhung co ht qua thuan tuy. The gidi khdng co md 
dau nhung co Mt cue cud'i cung. 

4. Ca A, ca B deu khdng r6ng. The gioi co md ddu va co 
ket cue cud'i cung. 

Chi mot trong 4 kha nang tr6n la dung vdi hifn thuc. Do la 
kha nang nao va di^u do phu thudc vao cai gi? 

Mot dong luc d^y bf an lufin ludn thdi thuc con ngudi tim 
kie'm nguyfin nhan cho moi hifin tuong va su vat. Dong tu 
tudng duy tarn (khach quan va chu quan) cho rang y nifm 
tuyft dd'i, tinh than td'i cao hay dang sang tao, thuong de,... 
la nguyfen nhan td'i cao, la nguyen nhan cua tat ca. Dong tu 
tudng duy vat lai cho rang vat chat moi la ngu6n gd'c cua tat 
ca, la cai phai co trudc nhat. 

Hi6n trang do la mdu thudn\ 

N6'u qua thuc t6n tai mdt nguyen nhan td'i cao, thi do la sif 
khdc bietl 

Qua vay, neu khdng ton tai su khac bifet, thi se khdng ton 
tai bat cu cai gi, ki ca dong tu tudng duy tam vdi nhQng y 
nif m va tinh thaii cua no, ki ca dong tu tudng duy vat vdi cac 
cd sd vat chat cua no. Tom lai, neu khdng cd su khac bift thi 
khdng cd the" gioi nay. 



The nhung, neu khac biet la nguyfen nhan td'i cao, tut la 
nguyen nhan cua moi nguyen nhan thi no phai la nguyen nhan 
cua chfnh no ntta, hay ndi khac hon, no la hf qua cua chinh 
no. 

Chung ta da thufa nhan su ton tai cua khac bif t, di^u do cd 
nghia la chung ta ngam thifa nhan tinh bao toan twang dot cua 
no: Qua vay, neu luc nay ban la nha duy vat thi ban khdng 
thd cung la ke duy tam duoc nQa. Qua thi, khi chita cd Ta'm 
b ben trong, khdng phai la qua thi theo dung nghia cua no. 
Cai ban kia, chitng nao no con la cai ban, thi no khdng thi la 
trang giay ma ban dang doc duoc!. 

Cau chuyen xay ra trong hinh hoc 

Chung ta trd lai mdt cau chuyen da cu: cudc tranh cai xung 
quanh ht tien di hinh hoc Euclid. 

Vin do chinh cai dong luc bi an duy nhat a'y chi phd'i ma 
nguoi ta ludn khao khat tim kie'm cai "nguyen nhan td'i cao". 
O day muc dich do khiem td'n hon, chi gidi han trong pham vi 
hinh hoc, va ngudi d&a tien thuc hien duoc &iiu do la Euclid. 

Bd'n tifin di dSu cua dng duoc di dang chap nhan vi chung 
ro rang va hiln nhi6n, nhung tien di thu nam, con goi la dinh 
di Euclid, da khig'n ngudi ta nghi ngd vi ban chat tien di cua 
no: "dinh di nay phut tap va kem hiln nhifin". 

Trong sud't hon 20 the' ky cac nha toan hoc moi thdi dai da 
gang siic chutig minh no chi la mdt dinh ly. Nhung moi cd 
gang diu vd ich. Va ket qua la dan tdi su ra ddi mot hinh hoc 
mdi: hinh hoc phi Euclid. 

Bang each do, ngudi ta da khang dinh rang, van di nhu the 
la da duoc giai quyg't: dinh di Euclid dung la mdt tien di, vi 
rang diSu gia thiet ngUdc lai da dan tdi hinh hoc phi Euclid 
khdng cd mau thuan ndi tai. 

Nhung... ket luto nhu vay cd di dai qua khdng? 

Khi ngudi ta hoan hi vi hinh nhu moi viec da dau vao day 
va muc dich di ra da duoc thuc hifen: giam den mUc td'i thie'u 
sd ludng ti6n di cua hinh hoc va lam trong sang chung, thi 
trd treu thay, mdt tien di mdi lai dude len dua thfim vao mdt 
each dudng hoang: tifen di Lobachevski. TiSn di nay va tifin 
di thu nam Euclid loai trtt lSn nhau! 

Khdng mdt ai nhan unit rd rang va sau sac mau thuan nay 
nghia la the nao. Nhung mau thuan van la mau thuan: no gay 
ra bao cudc tranh cai va phan bac kich lift, tham chi ca su 
han hoc. 

Sau nay, khi Bentrami da chutig minh duot su dung dan 
cua hinh hoc Lobachevski trfin mat gia caii, su phan bac cd 
diu xud'ng. 
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Neu ngay tuf dlu, cac nha hinh hoc phi Euclid khi bat tay 
vao xay dung hinh hoc cua minh, tuyen b6' ro vdi ddc gia 
rang: dd'i tuong cua hinh hoc mdi khdng phai la mat phang 
Euclid ma la mat gia clu, khdng phai la dudng thing Euclid 
ma la dudng thing cua mat gia cau thi co le da chang co ai 
thac mac va phan dd'i gi ca! 

That dang tile! hay khdng dang tile la da khdng xay ra 
nhu vay? 

Nhung dilu dang tiec that su la: toan bo van dl lai khdng 
nam trong cai da duoc dua ra va giai quylt ngoai san khlu 
ma 6 hau qua cua no trong hau trudng. Bdi vi, cho du hinh 
hoc phi Euclid co tuyft dd'i dung of dau chang ntta, thi dilu 
do co nghia la: cung cilng nhttng doi tuong ly cua hinh hoc 
- mat phang va dudng thing Euclid - vay ma gitta chung co 
thi t6n tai hai kilu quan hf loai trtt nhau! duoc diln dat trong 
cac ti6n dl Euclide va ti6n dl Lobachevski. 

Co thi vifn den cac ly le nay hoac khac dl ep minh chap 
nhan dilu khd chiu nay, nhung do se khdng phai la su trung 
thuc. O day, tmh don tri nhan qua da bi pha vd; 6 day tmh 
bao toan tuong doi cua su khac bift da bi lln Ion trlng den, co 
nguy co trang gily cung la cai ban, va cai ban la trang gily. 

Phuong phap tien dl duoc sit dung rdng rai trong toan hoc 
ro rang da mang lai nhilu tifn loi, nhung phuong phap do chi 
tot khi tmh don tri nhan qua duoc bao dam, khi chung ta ludn 
ludn chu y di khdng tudc doat mlt d cac dd'i tuong khao sat 
y nghia thuc, vat ly cua chung. Nlu dua ra cac kilu quan he 
cua cac doi tuong duoi dang cac tiSn d& ma bat ki den cac 
doi tuong - chu nhan thuc su cua cac moi quan hf do thi rat 
co thi, d m6t ch6 khdng ngd nha't, tmh don tri nhan qua bi 
pha v9 va mau thuln nay sinh. 

Boi vi cai ma chung ta thong nha't voi nhau la: cac doi 
tuong la cai co trudc, cac moi quan hf cua cac doi tuong la 
h6 qua tat yeii do su t6n tai d6ng thoi cua cac dd'i tuong gay 
ra, chit khdng phai nguoc lai. 

Neu ta co mot tap hop cac doi tuong va ta muon tim kie'm 
tat ca cac moi quan h6 co thi gitta chung bang phuong phap 
lap luan logic thi co le tntdc hit va ft ra ta phai bilt md'i quan 
h6 noi tai cua tttng loai doi tuong. 

Cac moi quan h6 noi tai quyet dinh ban chat cua doi tuong, 
den luot minh ban chat cua cac doi tuong quyet dinh cac moi 
quan hf co thi co gitta chung, va tat nhi6n gitta chung khdng 
thi dong thdi ton tai cac moi quan h6 loai trit nhau. 

Moi quan hf noi tai, theo each noi cua cac triet gia, la tmh 
tu than cua su vat. Khoa hoc ngay nay chrnh la dang tim kie'm 
cai tmh tu than do cua su vat tren ca hai huong, rdng hon va 
co ban hon. 

Trof lai mach cua cau chuyfn, nhu chung ta da tha'y, cung 
chrnh nhttng dd'i tuong a'y cua hinh hoc Euclid ma lai co hai 
kilu quan hf loai trtt nhau, dilu do phai duoc hilu nhu thi 
nao? 

Chi co thi la hf tien dl Euclid la chua day du theo nghia: 
su hilu vl cac dd'i tuong cua hinh hoc nay la chua hoan hao. 



Ban than Euclid cung da tttng dua ra cac dinh nghia vl cac 
dd'i tuong hinh hoc cua dng, nhung nhu cac nha toan hoc hifn 
dai da phe phan la: "lung tung", "nang tmh true giac". Theo 
ho, cac dd'i tuong xua't phat cua hinh hoc la khdng dinh nghia 
duoc va chi don thuan goi chung la dilm, dudng, mat v. v. vi 
ly do tdn trong lich sit ma thdi. 

Nhung, cac dd'i tuong hinh hoc con cd cac t6n goi khac 
ntta: cac khdng gian "khdng chilu", "mot chilu", "hai chilu", 
va "ba chilu". (Khdng gian "khdng chilu" tttc dilm, la do tac 
gia dua vao cho "tron bd".) 

Ta cd thi hoi rang, cac dd'i tuong nay cd thi tu ton tai doc 
lap vdi nhau duoc khdng, neu cd thi vi sao chung cd thi quan 
h6 vdi nhau duoc? 

Lln theo mach logic cua su vifc, ta tha'y rang cac khai 
nifm vl nhttng dd'i tuong nay nay sinh ra tit kinh nghifm thu 
duoc qua hoat ddng thuc tien cua con nguoi trong Tu nhi6n 
chtt khdng phai do biin sinh, tu chung cd sin trong dlu cua 
chung ta (Boi vay, ta khdng n6n tach rdi chung khoi true giac, 
khdng n6n tudc doat kha nang hinh dung ra chung; dilu do 
phi ly bilt bao!) 

Nhin nhan of mttc do sau hon, cd thi tha'y rang, khdng phai 
tit ca trong so cac dd'i tuong hinh hoc dlu cd thi ton tai doc 
lap, ma bit ky mdt khdng gian n chilu nao cung la giao cua 
hai khdng gian khac cd chilu ldn hon mot don vi n + 1 . 

Vay la, hinh nhu chung ta cd dinh nghia: dilm la giao cua 
hai dudng, duorig la giao cua hai mat, mat la giao cua hai 
khd'i, con khd'i ... la giao cua nhttng khdng gian nao ntta? 

Tuy nhien, trong hinh hoc, nhd kha nang hinh dung cua 
nao, chung mac nhien trd thanh cac dd'i tuong ddc lap, va dl 
gian tifn, ta se goi chung la cac thuc thi khdng gian. 

Cac dd'i tuong don gian nha't cua hinh hoc la cac thuc thi 
d6ng nhlt. Do la cac thuc thi, ma noi mdt each gian don, khi 
ta dich chuyln tr6n chung theo tit ca cac bac tu do cd thi cd 
cua chung, ta khdng thi phat hifn duoc bit ky su khac bift 
noi tai nao trong chung. 

Cac dd'i tuong cua hinh hoc Euclid la mdt bd phan cua tap 
hop cac thuc thi dong nhlt. Neu ta xay dung h6 ti6n dl chi 
rieng cho bd phan nay thi ro rang hf do se khdng tdng quat. 

He tien dl dung cho cac dd'i tuong khdng gian d6ng nhlt 
chrnh la hf tien dl dung cho mat clu. Hinh hoc Euclid chi la 
trudng hop gidi han cua hinh hoc tdng quat nay. 

Dd'i vdi mat clu, tttc la mat ddng nhlt d dang tdng quat, 
tdn tai dinh dl sau: hai dudng thing bit ky khdng trung nhau 
(dudng thing la dudng ddng nhlt chia mat chtta no thanh hai 
phln bang nhau) bao gid cung clt nhau tai hai dilm va hai 
dilm do chia ddi mdi dudng. 

Cd thi phat bilu khac hon: hai dilm bit ky tr6n mot mat 
ddng nhlt chi thudc vl mot dudng thing duy nhlt cung tr6n 
mat do neu chung khdng chia dudng nay thanh hai phln bang 
nhau. 

Ap dung dinh dl nay cho mat phlng Euclid, la trudng hop 
gidi han, ta tha'y ngay ring day chrnh la ndi dung cua ti6n dl 
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thtt nhlt Euclid: qua hai dilm chi cd thi ke duoc mot dudng 
thing duy nhat ma thdi. Qua vay, hai dilm bat ky trong pham 
vi khao sat duoc cua mat phlng Euclid chi thudc vl mdt dudng 
thing duy nhat vi chung khdng chia dudng do thanh hai phln 
bang nhau. 

Nhu vay, co thi ndi rang, each phat bilu dinh dl 5 Euclid 
la khdng chinh xac ngay ttt dlu, bdi vi bit ky hai dudng thing 
nao cua mat ddng nhat da cho ludn ludn cat nhau tai hai diem 
va chia ddi nhau. Tren mat phang Euclid ta chi thly hoac mdt 
giao diem cua chung con dilm kia d ngoai vd cung; hoac la 
ta khdng tha'y dilm nao ca - chung dlu nam of ngoai vd cue. 
Trong trudng hop do hai dudng thing duoc goi la song song 
(bilu kiln) vdi nhau. 

Cac each phat bilu tuong duong cua dinh dl 5, sau khi 
duoc chrnh xac hoa theo tinh than cua nhto xet tren, dlu co 
the? duoc chung minh nhu mdt dinh ly. 

Mdt tinh chat rat quan trong cua cac thi khdng gian la: mdt 
thuc thi khong gian bat ky chi co thi bi chtta trong mot thuc 
thi khdng gian khac dong chilu, dong do cong hoac co chilu 
ldn hon nhung dd cong khdng ldn hon. 

Dilu nay hinh nhu da qua hiln nhien: hai dudng tron co 
do cong khac nhau thi khong thi chtta trong nhau duoc; mot 
mat tron co dd cong ldn hon khong thi chtta mdt dudng tron 
co d6 cong nhd hon... 

Tuong tu nhu vay, hai khdng gian (khdi) co do cong khac 
nhau thi khong thi chtta trong nhau duoc. (Ta hay trd lai vi 
du vl qua thi va cd Tim, vl cai ban va trang gily...). Dd cong 
d day tuong ttng vdi mdt dai luong nao do dac trung cho mdi 
quan h6 noi tai cua ddi tuong khao sat. 

Mau thuan, sinh ra tren co sd cua su khac biet, 
la nguon dong lire cua tat ca 

Vl thuc chit, Tu nhien la mdt tap hop cua cac khang dinh 
va phu dinh. 

Vay Tu nhien khlng dinh nhttng gi va phu dinh nhttng gi? 

Nhilng bi mat do ngay cang duoc khoa hoc kham pha, phat 
hif n va trong cudc tim kilm do, nlu khdng kl din ngu6n gdc 
dong luc cua no, lap luto logic dong vai trd to ldn. 

Nhung cai ma ta goi la logic phai chang khdng phai la mdt 
chu6i nhilng khang dinh va phu dinh d cac cap bac va td hop 
khac nhau? 

Vay thi khi nao cai nay duoc khang dinh, con cai kia thi 
khdng? 

Bdi vi tu duy cung chi la mdt hifn tuong cua Tu nhi6n, n6n 
quy luat khlng dinh va phu dinh cua tu duy cung la quy luat 
khang dinh va phu dinh cua Tu nhi6n. Noi each khac, quy 
luat khlng dinh va phu dinh cua Tu nhien da phan anh va thi 
hifn qua chinh quy luat khlng dinh va phu dinh cua tu duy. 

Quy luat dd la: cai gi khong co mdu thudn noi tai thi ditac 
khdng dinh, cai gi chiia mdu thudn noi tai thi bi phu dinh. 

Su khlng dinh (nlu nhin vl phia trudc cua qua trinh) hay 
su phu dinh (neu nhin vl phia sau cua tien trinh) dlu cd dich 
cudi cung la dat tdi va kit thuc d mdt khlng dinh mdi. 



Chung ta hay lay mot lop nhttng khai nifm rat gin nhau la: 
co, tdn tai, bao toan, khlng dinh. 

Ddi lap lai vdi chung la ldp khai nifm phu dinh cua chung: 
khdng, khdng tdn tai, khdng bao toan, phu dinh. 

Chung nam trong so nhttng khai nifm tdng quat nhlt, co 
ban nhlt, bdi trong bit ky hifn tuong nao cua Tu nhi6n: cam 
giac, suy nghi, van ddng, biln ddi v. v. dlu luon ludn co su 
bilu hifn cua chung. 

Nhung hoa ra la sttc manh cua hai ldp khai nifm nay khdng 
tuong duong nhau (va dd la mot dilu that may mln). 

Chung ta hay thiet lap khlng dinh sau goi la khang dinh A: 

"Ton tai tit ca, cd tit ca, bao toan tit ca, khlng dinh tit 
ca". 

Con khang dinh B cd ndi dung nguoc lai: 

"Khdng cd cai gi hit, khdng tdn tai bit ctt cai gi, khdng 
bao toan cai gi ca, phu dinh tit ca". 

Khlng dinh khang dinh A, tut la phu dinh khang dinh B. 
Va nguoc lai. 

Khang dinh B ndi ring: 

- Khdng cd cai gi hit, tttc la khdng cd chinh khang dinh B. 

- Khdng t6n tai cai gi, tttc la khdng tdn tai ban than khang 
dinh B. 

- Khdng bao toan cai gi, vay la chinh khang dinh B cung 
khdng duoc bao toan. 

- Phu dinh tit ca, vay la phu dinh chinh khang dinh B. 
Tom lai, khang dinh B chtta mau thuin ndi tai. No tu phu 

dinh chinh minh. Tu phu dinh minh, khang dinh B mac nhi6n 
khlng dinh khdng dinh A, va dilu dd cd nghia la: khdng ton 
tai hu vd hay su trdng rdng tuyft ddi, va chinh bdi le dd ma 
the gidi da duoc sinh ra! 

Con khdng dinh A khlng dinh tit ca, kl ca chinh no lin 
khdng dinh B, nhung khdng dinh B tu phu dinh chinh minh, 
n6n khdng dinh A khdng chtta mau thuin ndi tai. 

Nhu vay, trong khudn khd cua khdng dinh A nhttng gi 
khdng tu phu dinh thi duoc khlng dinh. 

Cai gi co ban hon 

Bon khai nifm rlt quan trong cua tri thttc la: thdi gian, 
khong gian, vat chat va van dong. Chttng khac bift nhau, 
nhung phai chang chung binh ding vdi nhau va cd thi t6n tai 
ddc lap vdi nhau? 

Ta hay bit dlu ttt thdi gian. No la mot thuc thi chang? no 
cd thi ton tai doc lap, tach rdi khdi khdng gian, vat chit va 
van ddng chang?. Hiln nhi6n la khdng. Chi cln each ly thdi 
gian khdi van ddng la khai nif m vl no se mlt moi y nghia, 
thdi gian se chet. Khai nifm van ddng cd tinh doc lap cao hon 
so vdi khai nifm thdi gian. 

Vay thi thdi gian chua phai la cai dlu ti6n. No khdng tu 
t6n tai duoc n6n no chi cd thi la ht qua cua nhttng cai con 
lai. 

Van ddng cung khdng phai la cai co ban dlu ti6n. No khdng 
thi tu tdn tai tach rdi khdi vat chit va khdng gian. Thuc chit, 
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van dong chi la mot bilu hifn cua mdi quan h6 gitta vat chat 
va khdng gian. 

Vay thi gitta hai cai con lai, vat chat va khdng gian, cai nao 
co ban hon, cai nao co tnrdc, hay chttng binh dang vdi nhau 
va ciing do mot cai gi do co ban hon sinh ra? Co le dat vah 
dl nhir vay la thtta, boi vi cung nhir thdi gian va van ddng, 
vat chat khdng thi tach rdi va t6n tai ngoai khdng gian. Hay 
la'y mot bilu hifn cu thi cua vat chat, chang han, trang giay 
nay. No ton tai khdng phai chi nhd ban than no, ma con do 
sit t6n tai d6ng thdi cua khdng gian bao quanh no (hay chtta 
no), lam cho trang gia'y van con la trang gia'y. 

Ro rang la vat chat cung thudc vl pham tru khdng gian 
va no co thi la cai gi khac hon ntta neu khdng phai la chmh 
khdng gian co mdi quan he ndi tai khac vol cai khdng gian 
thong thudng ma ta van hilu?! 

Nhung khi do, theo tmh chat cua cac thi khdng gian da ndi 
d tren, dilu nay la mau thuan: hai khdng gian dong chilu co 
dd cong (tttc mo'i quan hf ndi tai) khac nhau thi khdng thi 
chtta trong nhau duoc! 

Vay thi hoac la chung ta da sai: hiln nhien la co thi dat 
trung khft len nhau hai vdng trdn co ban kmh khac nhau. Hoac 
la Tu nhien da sai: dat cac khong gian khac nhau vao trong 
nhau, bat chap mau thuan. 

Va mau thuan sinh ra do dilu do la dong luc cua van dong, 
van dong di thoat ra khdi mau thuan. 

Nhu vay, co thi noi vat chat la tSft ca cac thi khdng gian 
co d6 cong (tttc mdi quan hf ndi tai) nao do. 

Nhung ttt dau ma sinh ra cac thi khong gian nay va lam 
sao chttng co thi ton tai duoc? 

Chttng ta hay tudng tuong rang tat ca bien mat het: vat chat, 
khdng gian,... va noi chung biln mat hit moi su khac bift co 
thi co. 

Khi do con lai cai gi? 

Chang con cai gi ca! 

Nhung do chmh la cai duy nha't con lai! 

R6 rang cai duy nha't nay la v6 han va d6ng nha't 6 "khap 
moi noi". Nlu khdng thi, se vi pham doi hoi cua chttng ta. 

Bay gid chttng ta doi hoi mot dilu tiep theo: ngay ca cai 
duy nha't nay cung bien mat not! Se con lai cai gi sau no? 

Khong phai vat va lam, ta tha'y ngay rang cai din thay thi 
cho no lai la chmh no! Vi vay ta hay goi cai do la khong gian 
tuyet doi. 

Khdng gian tuyft doi co thi bien mat vao chmh no, noi 
khac hon, su phu nhan no dan toi su khang dinh chmh no. 
Dilu do co nghia la, cai khdng gian tuyft dd'i cua chttng ta co 
thi tu ton tai ma khdng cSn nhd den ai ca. No la cai co ban 
dau tien. 

No cung la "nguyen nhan to'i cao" ntta. Vi trai voi moi y 
mud'n cua ai do, no van chtta dung su khac bift. 

Qua vay, trong cai duy nha't do khong chtta cai gi ca, vay 
ma van co: cai Khongl cai Khong chtta trong cai Co, cai 
Khong tao nen cai Co. Co, nhung khdng la gi ca! 



Phuong trinh Nhan qua 

O day, su phu dinh cung la su khang dinh, cai Khong cung 
la cai Co, va nguoc lai. Mau thuto n6i tai cua trang thai nay 
la Ion v6 han. 

Diln dat mot each toan hoc hon dilu do: khong gian tuyft 
doi cua chttng ta co do cong bang khong. Trong khdng gian 
nay t6n tai cac dilm ma d6 cong cua chttng la v6 cung. Su 
khac bift nay loti v6 han va do do mau thuSn sinh ra cung 16m 
vo han. 

Tu nhi6n khdng mud'n t6n tai trong trang thai mau thuto 
nhu vay. No tu tim each giai quylt, va kit qua la, thi gidi vi 
the ma duoc sinh ra. 

Nhu vay, lai mot lan ntta, cai chan ly mo ho ma ai cung 
quen thudc nlu da qua cac tnrong phd thdng la: "Vat chat 
khdng tu nhien sinh ra (tttc la khong sinh ra ttt hu v6), khdng 
tu nhi6n mat di, luon ludn van dong va chuyln hoa ttt dang 
nay sang dang khac", nay can duoc khang dinh lai rang: "vat 
chat" dung la sinh ra ttt "khdng co gi". Nhung khong phai vo 
c6 ma nhu vay. Dong luc khien no sinh ra cung la dong luc 
khien no ton tai, bien ddi, va van dong. 

Bieu di^n mau thuan dudi dang dinh luong: 

PHUONG trinh nhan qua 

Moi mau thuSn dlu phat sinh boi su t6n tai d6ng thoi cua 
hai khang dinh loai trtt nhau. 
Dilu do duoc bilu diln nhu sau: 



hoac 




A 7^ B - Khang dinh K\ 
A = B - Khang dinh K2 



A = A - Khang dinh K\ 
A A - Khang dinh K2 



Ro rang la mau thuto se cang gay gat neu nhu mttc do phu 
nhan lan nhau cua hai khang dinh cang 16n. Nhung mttc do 
phu nhan lan nhau cua hai khang dinh chi co thi duoc danh 
gia bang mttc d6 khac bift gitta hai khang dinh do. Boi vay 
ta co thi bilu diln mau thuan mot each tuong trung nhu sau: 
M = [Ki - K 2 \. 

Mau thuan duoc giai quylt tttc la hifu [K\ — K 2 ] se giam 
tdi khdng. Dilu do co nghia la ca hai khang dinh K\ va K 2 
dlu phai bien ddi nhu the nao do dl dat tdi va ket thttc d mot 
khang dinh mdi K3. 

Nhu vay, cac hifu [K\ — K3] va [K 2 — K3] phu thudc vao 
nhttng gi? Ro rang cac hifu do phu thudc vao sttc bao toan 
cua cac khang dinh K\ va K 2 . Sttc bao toan cua khang dinh 
nao cang ldn thi su khac bift gitta no va khang dinh cudi cung 
cang nhd. 

Vay den luot minh, sttc bao toan cua mot khang dinh nao 
do phu thudc vao gi? 

Co hai ylu td. 1) Phu thudc vao mau thuan ndi tai cua 
khang dinh do, mau thuan ndi tai cang ldn sttc bao toan cua 
khang dinh cang nhd. 2) Phu thudc vao mau thuan mdi, sinh 



Dd Minh Chi 



Phuong trinh Nhan qua 



ra do sit bien ddi cua khang dinh. Mau muto nay cang ldn, 
su biln ddi cua khang dinh cang bi can trd va do do sue bao 
toan cua khang dinh cang ldm. 

Su bien ddi, ma vita dong la mot dang cua no, sinh ra do 
mau thuan. Ndi dung hon, van dong la bilu hifn cua su giai 
quylt mau thuan. 

O tren ta da noi rang, mau thuan cang gay gat nlu nhu 
mttc do khac bift gitta hai khang dinh loai tril nhau cang ldn. 
Chung ta se tiep tuc lam day du hon kit luto dinh luong nay: 
mau thuto cang gay gat thi nhu cau giai thoat khdi no cang 
but thiet va do do su van dong, bien ddi cua trang thai, tut la 
cua m&u thuto, cang quyet lift, nhanh chdng. 

Neil ta goi su quylt lift, hay dd nhanh chong biln ddi cua 
mau thuto la Q, mau thuto trang thai la M thi cd thi bilu 
diln nguyfin ly tren nhu sau: 

Q~M vay Q = K {M) M. 

Ta hay goi dd la phuong trinh nhdn qua, trong dd Kim) la 
phuong tifn dl giai quyet mau thuto. 

Do each dat van dl d mut don gian nhat nen K^m) chi 
cd thi la mot ham cua trang thai, tut la ham cua chmh mau 
thuto. Thuc chat, no bilu hifn mttc do dl dang cua su thoat 
biln khdi mau thuto cua trang thai. 

Neu mau thuto duot dac trung bdi cac dai htdng 
. . . , x , y , z , . . . thi cOng chmh nhttng dai luong nay se la phuong 
tifn chuyln tai mau thuto, la cac bac tu do ma theo dd mau 
thuto se duoc giai quyfi't. Khi dd, miic dd d6 dang cua su 
thoat bien phai duoc danh gia nhu la dao ham cua mau thuto 
theo cac bac tu do cua no. 

Gia tri dao ham cua mau thuto theo m6t bac tu do nao dd 
cua no cang ldn thi kha nang "danh hoi" tha'y ldi thoat theo 
hudng a'y cua trang thai cang ldn, "luong mau thuto" duoc 
giai thoat theo bac tu do a'y cang nhieu. 

Nhu vay 

K (M) - \M'(...,x,y,z,...)\ 

va ta cd 

Q = a\M'{...,x,y,z,...)\M(...,x,y,z,...), (I) 

hf so a chi cd thi sinh ra do su lua chon hf don vi cua cac 
dai luong. 

Chung ta da noi rang, su khac bift la ngudn gdc cua tat 
ca. Nhung su khac bift tu no khdng cd nghia. Cai goi la "cd 
nghia" ay chi sinh ra trong mdi quan hf true tiep, trong su so 
sanh true tiefp. Tu nhien khdng thi cam biS't duoc su khac bift 
qua "khoang each". Chung ta thira nhto cd hai loai khac biet: 
chat va luong. Ddi vdi Tu nhiSn, loai khac bift nao la thuc su 
ton tai? 

Mot trang thai nao dd neu cd mau thuto n6i tai thi no phai 
Men ddi di dat tdi trang thai khdng cd mau thuto n6i tai, hay 
dung hon, dat tdi trang thai cd mau thuto noi tai nhd nha't cd 
thi duoc. 



Qua trinh dd la mot chilu, trai qua li6n tuc tat ca cac gia 
tri cua mau thuto, tur gia tri ban dto din gia tri cudi cung. 

Nhu vay, chung ta da cd gang tu thuyet phuc rang vto dong 
(biln ddi) nha't thilt phai cd nguyen nhan cua no va tmh chat 
cua su bien ddi tuan theo phuong trinh nhan qua. Vay thi 
su khdng bien ddi, tttc su bao toan, phai la dilu mac nhien, 
khdng cto cd nguyen nhto chang? va cd thi noi rtog: ba"t ky 
trang thai nao chi cd hai kha nang: hoac duoc bao toan, hoac 
bi bien ddi; hay dung hon, tat ca dlu duoc bao toan (khang 
dinh A) nhung neu su bao toan dd gay ra mau thuto thi no 
phai nhudng chd cho su biln ddi dl thoat khdi mau thuto va 
bien ddi dd tuan theo phuong trinh nhan qua. 

Nlu luto dilm nay dung thi cong vifc cua chung ta chi la 
d chd: hoc each hilu, danh gia dung va day du mau thuto cua 
trang thai, mo ta no theo phuong trinh nhan qua, khi dd ta se 
cd duoc quy luat cua bat ky su biln ddi nao. 

Nhung chi cd thi thi da du chua, cho su nhto thuc din cung 
cua chung ta vl Tu nhien, vl chmh ban than con ngudi vdi 
site manh tu duy cua no, dl cd thi giai thfch dilu ky difu, 
mai mai lam ngac nhi6n moi thi hf: vi sao Tu nhiSn lai cd 
thi tu nhto thuc duoc chmh minh, thdng qua san phdm cua 
no: con ngudi?! 

* 

* * 

Ung dung nguyen ly nhan qua vao mot vai truefng hop 
cu the, don gian nhat 

Chung ta hay xem xet mot vai thi du don gian nhat dl minh 
hoa cho nguyen ly nhto qua. 

1 . Phuong trinh truyen nhiet 

Gia su trong mot khoang nao dd cua khdng gian mot chilu 
ta cd phan bd cua m6t dai luong L nao dd. 

Nlu phto bd cd su khac bift n6i tai - tuc la cd chiia mau 
thuto n6i tai - thi phan bd se biln ddi dl dat tdi trang thai cd 
mau thuto noi tai nhd nha't. Su bien ddi dd tuan theo phuong 
trinh nhan qua (??). 

Ta dua vao dai luong T, nghich dao cua Q, goi la do tri trf 
cua su giai quylt mau thuto. Nhu vay 

T=^—. 

a\M'\M 

Tdng sd d6 tri trf tao ra trong qua trinh giai quylt mau 
thuto tu gia tri (M ) den gia tri (M - AM) ta goi la thdi 
gian, duoc sinh ra do qua trinh biln ddi dd (At). 
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Hinh 1. 



Hinh 2. 



Theo dinh nghTa va tu Hinh [|, ta thay rang 



nhu vay 



2T + AT 
At « ^ AM, 



AM 



At 



2T + AT' 



Ta co 



lim 



AT^0,AA/^0,Ai^0 At 



AM dM 



= — = = -alM'IM. 



Ta thu duoc each dien dat m<5i cua nguyen ly nhan qua: 

dM 



dt 



-a\M'(...,x,y,z, ...)\M(...,x,y,z, ...). (II) 



Nhu vay, ne'u chung ta quy udc vol nhau d£ thdi gian trof 
thanh m6t dai luong ddc lap, con mau thuan lai la dai luong 
phu thufic no thi toe d6 thoat bieh theo thoi gian cua mau 
thuan ty If vol do 16n cua mau thuan va phuong tifn giai 
thoat no. 

Truong hop mau thuin duoc dac trung boi chmh no, trie la 



M = M(Af), ta co 



M = Mne~ a{t ' to \ 



Trof lai vol phan bo cua chung ta. Di thuan tifin, ta trai phan 
bo' nay theo true x va la'y m6t diem nao do lam go'c toa do. 



Boi phan bo la cua mot dai luong L nao do cho nen moi 
gia tri cua no tai cac diem cua khong gian phan bo" se co cung 
thif nguy6n (dong nhat). 

Su khac bift noi tai cua phan bo se la su khac biet \i luong. 
Tai hai diem x\ va x 2 dai luong L lay hai gia tri L\ va L 2 
tuong ting. Vi khac biet vi luong nen chi co mdt each danh 
gia duy nhat: la'y hieu (L 2 — L\). 

Nhung hai dilm x\, x 2 chi "cam thay su khac bift" cua 
nhau trong mdi quan hf true tie'p, mau thuin xuat hifn hay 
khong chi trong mdi quan hf true tie'p do: tai ranh gioi cua 
hai dig'm lan eta x\, x 2 dai luong L dong thdi lay hai gia tri 
L\, L 2 , hai khang dinh nay phu nhan lin nhau va do 16n cua 
mau thuan phu thufic vao hieu (L 2 — L\). Boi vay, de cho 
hifu (L 2 — Li) la san phim cua md'i quan he true tie'p giua 
hai dilm x%, x 2 thi ta phai cho, chang han, di&n x 2 tien gin 
vo han toi diem x\ (nhung khong trung voi no). 

Khi do, mau thuin ndi tai tai khu vuc diem X\ se duoc danh 
gia nhu la gioi han cua ti so L x 2 2 Zx[ khi x 2 — ► x%, tufc la bang 
gia tri dao ham cua dai luong L theo khfing gian phan bo tai 
diem x\. 

Tu nhung dieu da trinh bay, ta co M = 
gia tri cua M vao phuong trinh nhan qua (??): 



f • Thay 



d dL 



dL 



dt dx dx 



(1) 



Mau thuin noi tai tai mdi dilm duoc giai quyet theo phuong 
trinh ([[]). Dichi do lam phan bo bi bien ddi. Ta hay tim quy 
luat cua su bifin ddi nay. 

Mau thuSn noi tai tai khu vuc diem x la M x t — tt I 

ox \x,t 

Sau khoang thdi gian At mau thuin nay giam xud'ng dfin 
gia tri M x<t+ At 



at I 

dx \x,t+Af 
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Nhit vay, 



Hinh 3. 

Nhu vay, hinh nhu la su bien ddi nay da don ep mot luong 
nao do gia tri cua dai lifOng L tit cac diem cd gia tri cao hon 
sang nhGng diem co gia tri thap hon, tao neii mdt "dong chay" 
gia tri cua dai luong L qua di&n x. Trong vf du cua chung 
ta "dong chay" do chay tu" nhQng diem ben trai hon dilm x 
sang nhQng diem ben phai hon no. 

R6 rang, dd ldn cua "dong chay", trie la luong cac gia tri 
L chay qua diem x trong khoang thdi gian At la 



J* = 



d_dL 
dt dx 



At = 



dL 
dx 



At. 



Tuong tu nhu vay, tai diem x + Ax, ta co 

dL 



J, 



+ Ax 



dx 



At. 



x+Ax 



Trong vf du tren, dong J x lam gia tri dai luong L tai cac 
diem trong khoang Ax tang len, con dong Jx+Ax thi lam 
chung giam xuong. Ket qua la so gia AL ma khoang Ax 
nhan duoc la 



AL\ At = a At 



f dL 




dL 




I dx 




dx 


J 



aAt 



d 2 L 
dx 2 



Ax. 



x<£ <x-\-Ax 



Mat do trung binh gia tri AL tai m6i dilm trong khoang Ax 
se la 



AL \At = 



aAt^k 



Ax 



Ax 



Gia tri chfnh xac dat duoc b gidi han 



A£L At = lim AL \ A ± = aAt 



At 



d 2 L 

dx 2 



hay 



lim — — 

At^o At 



dL 
dt 



d 2 L 

dx 2 ' 



d 2 L 
dx 2 ' 



(2) 



Td'c d6 bie'n ddi theo thdi gian cua dai luong L tai lan can 
cua bat ky dilm nao cua phan bo ti 16 vdi dao ham bac hai 
theo khfing gian phan bo cua dai luong nay tai chfnh dife'm ay. 

Nhung nhu ta da biet, phuong trinh (||) chfnh la phuong 
trinh truy&i nhif t ma vat ly hoc da tim ra. 

Mat khac, ht qua cua each lap luan tren cho ta su bao toan 
gia tri cua dai luong L trong toan bd phan b6', du rang gia tri 
cua dai luong nay tai m6i diem rieng bif t co thi bieh ddi, h6 
gia tri tai didm nay giam di mot luong nao do thi gia tri cua 
didm lan can tang 16n dung mot luong nhu vay. Neu khdng 
gian phan bd la vo han, thi cung vdi su tang len cua thdi gian, 
gia tri trung binh cua phan bd ddn giam tdi khfing. 
2. Con quay hoi chuyen 

Xet mot vf du khac. Chung ta cd hai con quay vdi mdmen 
ddng luong tuong ting la kioji va ^2^2- Su tdn tai cua hai con 
quay vdi su bao toan cua cac mdmen dong luong cua chung, 
xet theo gdc do vT md, la cac khang dinh K\ va K^. 

Su bao toan cua cac vector mdmen dong luong cd the: coi 
la su bao toan cua hai yeu to: bao toan phuong va bao toan 
do ldn. Neu chung duoc gan vdi nhau theo Hinh ^.a thi su 
bao toan phuong cua chung khong bi xam pham, nhung su 
bao toan do ldn cua mot vector se bi su bao toan cua vector 
kia xam pham. Mau thuin se cang gay gat neu su khac biet 
gitta hai do ldn cua cac vector nay cang ldn. Ket qua la he 
thong nay phai bien ddi the nao do de ca hf se cd mot vector 
mdmen dong luong duy nha't A^oV Trong trudng hop hai con 
quay duoc gan vdi nhau nhu trong cac Hinh |].b mau thuto 
trang thai se phvic tap hon. Khfing chi su bao toan ve d6 ldn 
ma ca su bao toan v^ phuong d<hi bi xam pham. Cach thitc 
giai quyg't mau thuin cua trang thai phu thudc vao ket ca'u cua 
khdp ndi. 




(a) 



(b) 



Hinh 4. 



Dd Minh Chi 



Phuong trinh Nhan qua 



Chung ta xet trudng hop thit ba, 6 do cac yeu to trong luc 
va ly tarn (cd trong truong hop thur hai) cd the coi nhu khdng 
dang ke (Hinh |). 




Hinh 5. 

Di don gian, chung ta cho rang dong co duy tri vita toe 
gdc lo cua he khdng ddi. Nhu vay chung ta se chi quan tarn 
den mau thuin sinh ra do su bao toan phuong cua kujo bi xim 
pham. 

Khang dinh K\ = su bao toan cua M2q, ndi rang: toe do 
bien thita cua phuong vector kuj bang khdng. Nhung khang 
dinh K2 = su bao toan cua u>, noi rang: khdng, phuong cua 
kujQ phai bien ddi vdi vin toe goc lu cos a. 

Nhu vay, mtic do vT md, hitu [Ki — K 2 ] = uj cos a la 
ngu6n gdc cua mau thuin va mau thuin do ti le v6i hifu nay, 



M 



uj cos a\ 



M = kujnuj cos a, 



h6 so' ti 16 kujo duoc dua vao (vSn tren quan diem vi m6) 
dua tr6n ly le: neu c^o bang khfing thi phuong cua vector kulo 
khdng ton tai mot each xac dinh va do do v&'n d^ mau thuin 
phat sinh do su bao toan phuong cua no khfing duoc dat ra. 
Thay gia tri cua M vao phuong trinh nhan qua (??), ta duoc 



DM 



-ak 2 ujiu 2 sin a cos a. 



Tit phuong trinh ta thay rang, neu a — thi toe d6 thoat bien 
cua mau thuin trang thai bang khdng. 

Lay dao ham cua mau thuin theo thdi gian, 



da 

= akujQuo cos a, (a ^ 0). 



(3) 



Su bien doi cua a gay ra mau thuin mdi, mau thuin nay ty 



theo yeu to a, va nhu viy toe do thoat bien trong cfing thiic 
(||) chfnh la vto to'c tiic thOi cua true mat phang quay theo 
yS'u to a. 

ThOi gian de goc giQa true mat phang quay (tire phuong cua 
vector kujo) va phuong nam ngang bien ddi tit gia tri (+0) den 
gia tri (a) se la 



2akujQLO 



In- 



sm a 



sin a 



+0 



le vdi gia tri cua do do se khfing co su bao toan vto dong 



3. Ve ban chat cua cdi ggi la "trudng" 

Vat ly hoc hif n nay cho rang the" gioi duoc ciu tao bdi cac 
hat co ban. Vay thi mot vin de duoc dat ra la: cac hat co ban 
do phai co ciu true noi tai the nao di co thi bao toan duoc 
do'i vdi nguyfin ly nhan qua? 

Co thi giai quyg't vin d£ nay mfit each thuin tuy ly thuye't 
duoc khdng? 

Cho rang co mfit khfing gian hiai han [A] co ciu true noi 
tai thoa man su bit bien doi vdi nguy&i ly nhin qua. 

Khdng gian nay nam trong khdng gian tuyfet ddi [O] cua 
chung ta. Tai noi ranh gidi cua hai khdng gian xuit hi6n miu 
thuin do su khac biet giQa hai khdng gian do giy ra. 

Bdi ca hai khdng gian d^u tu bao toan n6n miu thuin do 
chi cd thi duoc giai quye't bing each hinh thanh mdt viing 
d6m (tiic trudng), nhd do su khac bift trd len diu hon, dieu 
hoi hon. Ciu true cua viing dfm phai the nao do di mile do 
di^u hoi dat tdi gia tri lOn nhit, tifc la mau thuin ndi tai tai 
mdi diem cua trudng cd gia tri nhd nhit cd thi duoc. 

Mot dieu ro rang la cang xa tam cua khdng gian [A], tmh 
chit [A] cang giam di. Ndi each khac, viing dfm (trudng) 
bao quanh khdng gian [A] cung cd tmh chit [A] nhung tmh 
chat nay la ham cua r, nic khoang each tit diem dang xet cua 
tntdng tdi tam cua khdng gian [A] . 

Tij nhttng dieu da trinh bay va neu ky hifu viing dtm la T, 
ta cd 



T [A ] =9{r) — , 



g(r) la mdt ham chita biet, no dac trung cho su hai hoa ndi 
tai cua trudng. 
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ffinh 6. 

Neil trong vilng trudng Tj^j cd mot khdng gian [B] va 
khdng gian nay khdng lam nhiSu loan dang ki trudng T^j , 
thi khi do sit khac bif t gitta [B] va se budc [B] phai vto 
dong trong trudng di dat tori vi tri ma d do khac bif t gitta [B] 
va Tj^4] co tri so nhd nhat (of day chung ta da cho rang khdng 
gian [B] cung co kha nang tit bao toan). Mau thuan trang thai 
do ty If vdi hifu [[B] — TJ^]] . 

Neu tim duoc hf so c dung di "dich ngdn ngtt" cua tmh 
chat [B] sang "ngdn ngtt" cua tmh chat [^4] thi mau thuan co 
thi duoc dien dat nhu sau: 

[A]' 



M = f\c[B]-g(rY- 



f — he so ty 16. 



Quy lu&t van dong cua khdng gian [B] trong trudng Tj^j 
se duoc tim ra qua phuong trinh nhan qua (??): 



dM 



-a\M'\M 



= -a[A]f 



g(r) -rg'{r) 



c[B] [A] 



O day, dai luong chuyln tai (Mc ty do) cua mau thuan la r. 

Boi su van dong cua khong gian [B] phai xay ra dong thdi 
theo ta't ca cac phuong co thanh phan hudng tam, do do vto 
td'c thoat bien tdng hop cua trang thai - tut la vto td'c tdng 
hop cua khong gian [B] trong trudng TJ^j se duoc danh gia 
nhu la tfch phan cua toe do thoat bien theo moi phuong co 
thanh phan hudng tam. 



g{r)-rg'(r) 



= -ar>f*[A] 

Khai trien vS' trai ta duoc 

g{r) dr 



g(r)-rg'(r) 



4B}-[A}^)a>< : :^; 
r[B]-[AfM 



f[A\- 



r 2 dt 
dr 
di 



g(r)-rg'(r) 



-a^f[A] 



, 2\9(r) -rg'{r)\ 



c[B]-[AfM 



c[B] ~ [A] 



9(r) 



Neil chttng to duoc rang su bien ddi cua r cung nhu su bao 
toan cua ^ gay ra mau thuan mdi ty If vol chmh ^ , thi td'c 
do thoat bien vita thu duoc cung chmh la vto toe tttc thdi cua 
[B] trong trudng T [A] . 



